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ABSTRACT 
C a t a l y t i c  t w o - s t a g e  h y d r o c r a c k i n g  of Arabian  vacuum r e s i d u e  

was s t u d i e d  u s i n g  commerc ia l  Ni-Mo c a t a l y s t s  i n  t h e  a u t o c l a v e  t o  
a c h i e v e  a h i g h e r  c o n v e r s i o n  above 50 % i n t o  540 "C- d i s t i l l a t e  
w i t h o u t  producing  s l u d g e  i n  t h e  p r o d u c t .  The h y d r o g e n a t i o n  a t  390 
'C o f  t h e  f i r s t  s t a g e  w a s  f o u n d  v e r y  e f f e c t i v e  t o  s u p p r e s s  t h e  
s l u d g e  f o r m a t i o n  i n  t h e  second s t a g e  of  h i g h e r  t e m p e r a t u r e ,  430 
"C, where t h e  c r a c k i n g  t o  produce  t h e  d i s t i l l a t e  d o m i n a n t l y  
proceeded.  The c a t a l y s t  f o r  t h e  res idues(KFR-10)  was s u i t a b l e  f o r  
t h e s e  purposes ,  w h i l e  KF-842 c a t a l y s t ,  which e x h i b i t e d  e x c e l l e n t  
per formance  a g a i n s t  c o a l  l i q u i d  r e s i d u e s ,  f a i l e d  t o  s u p p r e s s  t h e  
s l u d g e  f o r m a t i o n .  The s h o r t e r  c o n t a c t  t i m e  of t h e  second s t a g e  a t  
a r e l a t i v e l y  h i g h e r  t e m p e r a t u r e  a p p e a r s  f a v o r a b l e  to  i n c r e a s e  t h e  
c o n v e r s i o n  w i t h o u t  p r o d u c i n g  t h e  s ludge .  The mechanism of s l u d g e  
f o r m a t i o n  i n  t h e  h y d r o c r a c k i n g  p r o c e s s  is  r a t h e r  c o m p r e h e n s i b l y  
d i s c u s s e d  based  on t h e  p r e v i o u s  and  p r e s e n t  r e s u l t s .  

INTRODUCTION 

l e a d s  t o  s e v e r e  h y d r o c r a c k i n g  of p e t r o l e u m  r e s i d u e s  a t  h i g h e r  
t e m p e r a t u r e s [ l l .  The s e v e r e  c o n d i t i o n s  c a u s e  p r o b l e m s  of  coke  
d e p o s i t i o n  on t h e  c a t a l y s t  and s l u d g e  f o r m a t i o n  i n  t h e  p r o d u c t  
o i 1 [ 2 1 .  Such t r o u b l e  makers  of  b o t h  c a r b o n a c e o u s  m a t e r i a l s ,  of 
which f o r m a t i o n  may be  i n t i m a t e l y  r e l a t e d ,  s h o r t e n  t h e  l i f e  of  
t h e  c a t a l y s t ,  p l u g  t r a n s f e r  l i n e  and d e t e r i o r a t e  t h e  q u a l i t y  o f  
t h e  p r o d u c t s [ 3 1 .  

t h e  c o n v e r s i o n  t o  t h e  d i s t i l l a t e  is  beyond a c e r t a i n  l e v e l ( c a .  50  
% )  r e g a r d l e s s  of t h e  c a t a l y s t  and  f e e d s t o c k s [ l l .  I ts  s t r u c t u r e ,  
p r o p e r t i e s  and f o r m a t i o n  mechanism a r e  n o t  f u l l y  u n d e r s t o o d  
yetL41.  

o i l  w a s  a n a l y z e d  c h e m i c a l l y ,  and i t s  s o l u b i l i t y ,  f u s i b i l i t y  and 
r e a c t i v i t y  w e r e  s t u d i e d  to  p r o p o s e  a mechanism of s l u d g e  
f o r m a t i o n  i n  t h e  h y d r o c r a c k i n g  p r o c e s s .  

proposed t o  a c h i e v e  a h i g h e r  c o n v e r s i o n  i n t o  540 'C- d i s t i l l a t e  
a b o v e  5 0  % w i t h  a minimum a m o u n t  of d r y  s l u d g e  i n  t h e  p r o d u c t .  
The i d e a  i s  based on t h e  mechanism p r e v i o u s l y  proposed:  t h e  d e e p  
h y d r o g e n a t i o n  o f  a r o m a t i c  f r a c t i o n  i n  t h e  r e s i d u e  by t h e  f i r s t  
s t a g e  of lower  t e m p e r a t u r e  may a c c e l e r a t e  t h e  c r a c k i n g  and 
s o l u b i l i t y  o f  t h e  h e a v i e s t  a r o m a t i c  p o r t i o n  i n  t h e  second s t a g e  
of h i g h e r  t e m p e r a t u r e ,  where major  h y d r o c r a c k i n g  t a k e s  p l a c e .  

Demand f o r  c l e a n  d i s t i l l a t e  from t h e  bot tom of t h e  b a r r e l  

E m p i r i c a l l y ,  t h e  d r y  s l u d g e  i s  b e l i e v e d  t o  be produced when 

I n  a p r e v i o u s  s t u d y [ 5 ] ,  d r y  s l u d g e  produced i n  a hydrocracked  

I n  t h e  p r e s e n t  s t u d y ,  c a t a l y t i c  t w o - s t a g e  h y d r o c r a c k i n g  was 

EXPERIMENTAL 
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M a t e r i a l s  

of which p r o p e r t i e s  were shown i n  Table  1 ,  was hydrocracked  by 
t h e  s i n g l e -  and t w o - s t a g e  r e a c t i o n s  under  hydrogen  p r e s s u r e  ( 1 5  
MPa), u s i n q  one of  t h e  Ni-Mo c a t a l y s t s  (1 9) i n  a b a t c h  a u t o c l a v e  

A vacuum r e s i d u e  (b.p.> 550 "C)  o f  A r a b i a n - l i g h t  o i l  ( 1 0  g ) ,  

of 1 0 0  m l  c a p a c i t y .  The c a t a l y s t s ,  of  which  p r o p e r t i e s  were 
summarized i n  T a b l e  2 ,  
360 O C  f o r  6 h .  

were p r e s u l f i d e d  u n d e r  5 % H2S/H2 f l o w  a t  

C a t a l y t i c  h y d r o c r a c k i n q  
The s t a n d a r d  c o n d i t i o n s  w e r e  390 OC-4 h ,  420 "C-4 h f o r  t h e  

s i n q l e - s t a q e  r e a c t i o n ,  and 390 'C-3 h ( f i r s t  s t a g e )  and 420 - 440 
'C-7 h(sec6nd stage) f o r  t h e  t w o - s t a g e  r e a c t i o n ,  r e s p e c t i v e l y .  N o  
s o l v e n t  w a s  used e x c e p t  f o r  t h e  t w o - s t a g e  r e a c t i o n  o f  390 'C-3 h 
and 4 4 0  OC-1 h ;  1 0  w t %  of  1 - m e t h y l n a p h t h a l e n e  w a s  added b e f o r e  
t h e  second s t a g e  f o r  compar ison  w i t h  n o - s o l v e n t  r e a c t i o n  under  
t h e  same c o n d i t i o n s .  A f t e r  removal  o f  t h e  c a t a l y s t ,  t h e  p r o d u c t  
w a s  observed  under  a o p t i c a l  microscope  t o  measure  t h e  amount  of 
s l u d g e  i n  t h e  p r o d u c t .  The p r o d u c t  w a s  d i s t i l l e d  under  vacuum 
( 5 mmHg) a t  340 'C t o  o b t a i n  t h e  d i s t i l l a t e  (540 "C- f r a c t i o n )  
y i e l d .  

RESULTS 
S i n g l e - s t a q e  h y d r o c r a c k i n q  

u s i n g  t w o  N i - M o  c a t a l y s t s .  The r e a c t i o n  a t  390 O C  p r o v i d e d  t h e  
y i e l d  of  540 O C -  d i s t i l l a t e  b e l o w  50  %. No s l u d g e  w a s  f o u n d  w i t h  
b o t h  c a t a l y s t s  a t  t h i s  t e m p e r a t u r e  as shown i n  F i g u r e  l a ,  where 
b l u i s h  s p o t s  of p r o b a b l y  l o n g - c h a i n  p a r a f f i n s  w e r e  o b s e r v a b l e ,  
i n d i c a t i n g  i n s u f f i c i e n t  e x t e n t  of c r a c k i n g .  I t  i s  noted  t h a t  t h e  
amount o f  a s p h a l t e n e  was unchanged a f t e r  t h e  h y d r o c r a c k i n g  a t  390 
O C .  

d i s t i l l a t e  y i e l d  s i g n i f i c a n t l y  above 70 %. However, a l a r g e  
amount  o f  s l u d g e s  was  found w i t h  b o t h  c a t a l y s t s  as  shown i n  
F i g u r e s  I b  and I C .  The a p p e a r a n c e s  o f  t h e  s l u d g e s  were somewhat 
d i f f e r e n t  w i t h  t h e  c a t a l y s t s ;  t h o s e  w i t h  KF-842 c o n s i s t e d  of 
b l a c k  and r i g i d  s p h e r e s  and v e r y  f i n e  brown o i l y - d r o p l e t s ,  
whereas  t h o s e  w i t h  KFR-10 w e r e  l a r g e r  d r o p l e t s  which  were brown 
and d i f f u s e d .  A s i g n i f i c a n t  amount o f  a s p h a l t e n e  was c e r t a i n l y  
c o n v e r t e d  under  t h e  c o n d i t i o n s .  I t  s h o u l d  be n o t e d  t h a t  KF-842 
produced a s i g n i f i c a n t  amount of g a s e o u s  p r o d u c t s  a t  420 'C. 
Thus,  t h e  c a t a l y s t s ,  KF-842 f o r  t h e  d i s t i l l a t e  o f  c o a l  l i q u i d  and  
KFR-10 f o r  t h e  p e t r o l e u m  s t r a i g h t  r e s i d u e  behaved v e r y  
d i f f e r e n t l y  a g a i n s t  t h e  p e t r o l e u m  r e s i d u e .  

Two-staqe h y d r o c r a c k i n q  
R e s u l t s  of t w o - s t a g e  h y d r o c r a c k i n g  a r e  summarized i n  T a b l e  

4. The t w o - s t a g e  h y d r o c r a c k i n g  u s i n g  KF-842 a t  390 "C-3 h and 420 
'C-1 h s t i l l  p r o d u c e d  a v e r y  l a r g e  a m o u n t  o f  s l u d g e  i n  t h e  
product  o i l  a s  shown i n  F i g u r e  2a, a l t h o u g h  t h e  d i s t i l l a t e  y i e l d  
w a s  s t i l l  high.  KFR-10 c a t a l y s t  u n d e r  t h e  same c o n d i t i o n s  
produced n e g l i g i b l e  amount o f  s l u d g e  a s  shown i n  F i g u r e  2b a t  t h e  
d i s t i l l a t e  y i e l d  a s  h i g h  a s  6 6  8.  Longer r e a c t i o n  t i m e  of  3 h i n  

Table  3 summar izes  t h e  r e s u l t s  of s i n g l e - s t a g e  h y d r o c r a c k i n g  

Higher  r e a c t i o n  t e m p e r a t u r e  of  420 O C  i n c r e a s e d  t h e  
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t h e  second s t a g e  a t  420°C i n c r e a s e d  s l i g h t l y  b o t h  s l u d g e  a n d  t h e  
d i s t i l l a t e  y i e l d ( 7 0  % ) .  

i n c r e a s e d  t h e  y i e l d  t o  81 %, some s l u d g e b e i n g  produced a s  shown 
i n  F i g u r e  2c .  

440 OC was v e r y  e f f e c t i v e  t o  s u p p r e s s  t h e  s l u d g e  f o r m a t i o n  
( F i g u r e  2d) .  The d i s t i l l a t e  y i e l d  was a s  h i g h  a s  80 %. 

. H i g h e r  t e m p e r a t u r e  of 440 'C f o r  1 h i n  t h e  s e c o n d  s t a g e  

A d d i t i o n  o f  1 0  % 1-me thy lnaph tha lene  t o  t h e  second s t a g e  a t  

S t o r a  e s t a b i l i t  o f  h d r o c r a c k e d  p r o d u c t  
:he hydroc rzcked  i r o d u c t  o b t a i n e d  by t h e  s i n g l e  stage o f  420 

"C-4  h u s i n g  KF-842 c a t a l y s t  was r a t h e r  u n s t a b l e .  The p r o d u c t  
c a r r i e d  a s m a l l  amount of s l u d g e  j u s t  a f t e r  t h e  r e a c t i o n  a s  shown 
i n  F i g u r e  l b ,  h o w e v e r  a much l a r g e r  a m o u n t  w a s  f o u n d  1 5 0  d a y s  
l a t e r  i n  t h e  same p r o d u c t ( F i g u r e  3 ) .  I n s u f f i c i e n t  h y d r o g e n a t i o n  
or dehydrogena t ion  because  of h i g h  r e a c t i o n  t e m p e r a t u r e  may l e a v e  
u n s a t u r a t e d  s i tes  r e a c t i v e  f o r  t h e  a i r - o x i d a t i o n .  I n  c o n t r a s t ,  no 
d e t e r i o r a t i o n  w a s  observed  w i t h  t h e  p r o d u c t s  o b t a i n e d  by u s i n g  KFR- 
10 c a t a l y s t  u n d e r  t h e  same c o n d i t i o n s  and t h e  two-s t age  r e a c t i o n s  
w i t h  e i t h e r  c a t a l y s t ,  a l t h o u g h  a l a r g e  amount o f  s l u d g e  h a s  been 
produced r i g h t  a f t e r  t h e  t w o - s t a g e  h y d r o c r a c k i n g  w i t h  KF-842 
c a t a l y s t .  

DISCUSSIONS 
S t r u c t u r e  and f o r m a t i o n  mechanism o f  d r y  s l u d q e  i n  t h e  h y d r o -  
rrarkinn - - - -. . -. . 

The hexane - so lub le  f r a c t i o n  (HS) i n  t h e  hydroc racked  p r o d u c t  
c o n s i s t s  o f  e s s e n t i a l l y  of l o n g - c h a i n  p a r a f f i n s  and  l o n g  a l k y l -  
benzenes.  I n  c o n t r a s t ,  t h e  i n s o l u b l e  s u b s t a n c e s  i n  t h e  s l u d g e  a r e  
f a i r l y  a r o m a t i c  w i t h  much less and s h o r t e r  a l k y l  g r o u p s  and  
r a t h e r  p o l a r ,  c a r r y i n g  a c o n s i d e r a b l e  amount of h e t e r o a t o m s .  
The s o l u b i l i t y  d e c r e a s e d  w i t h  i n c r e a s i n g  a r o m a t i c i t y  and  
p o l a r i t y ,  t h e  m o l e c u l a r  w e i g h t  v a r y i n g  rather s l i g h t l y  among t h e  
f r a c t i o n s .  Such c o n t r a s t  s t r u c t u r a l  c h a r a c t e r i s t i c s  of H S  and  H I  
f r a c t i o n s  may n o t  allow t h e i r  mu tua l  m i s c i b i l i t y ,  p r e c i p i t a t i n g  
or s e g r e g a t i n g  t h e  i n s o l u b l e  s u b s t a n c e s  f rom t h e  H S  m a t r i x  a t  
room t e m p e r a t u r e .  

I n  s p i t e  o f  l o w  s o l u b i l i t i e s  o f  t h e  s l u d g e  components  a t  
room t e m p e r a t u r e ,  t h e y  m e l t  or a r e  d i s s o l v e d  i n  t h e  l i g h t  
component a t  e l e v a t e d  t e m p e r a t u r e s  above  80  "C. Thus, t h e  s l u d g e  
may d i s a p p e a r  a t  e l e v a t e d  t e m p e r a t u r e s  s u c h  a s  t h e  r e a c t i o n  
t e m p e r a t u r e ,  a l t h o u g h  i t s  l i m i t e d  s o l u b i l i t y  i n  t h e  m a t r i x  may 
enhance  i t s  a d s o r p t i o n  or l o n g e r  r e s i d e n c e  o n  t h e  c a t a l y s t  
s u r f a c e ,  l e a d i n g  t o  t h e  severe c a t a l y s t  d e a c t i v a t i o n .  

f o r m a t i o n  i s  proposed[51 .  Hydrocracking  a t  h i g h e r  t e m p e r a t u r e s  t o  
a c h i e v e  a h i g h e r  c o n v e r s i o n  c a n  c r a c k  d e e p l y  t h e  p a r a f f i n i c  and 
and  a l k y l  a r o m a t i c  hydroca rbons  a t  a h i g h  l e v e l ,  however h i g h l y -  
condensed a r o m a t i c  h y d r o c a r b o n s  are  n o t  f u l l y  hydrogena ted  a t  
h i g h e r  t e m p e r a t u r e s  f o r  t h e i r  c r a c k i n g  b e c a u s e  dehydrogena t ion  i s  
so r a p i d  u n d e r  t h e  c o n d i t i o n s ,  s t a y i n g  unchanged i n  t h e i r  r i n g  
s t r u c t u r e  t o  b e  i n s o l u b l e  i n  t h e  p a r a f f i n - r i c h  m a t r i x ,  e s p e c i a l l y  
a t  l o w e r  l o w e r  t e m p e r a t u r e s .  E l i m i n a t i o n  of  a l k y l  s i d e - c h a i n s  
f rom aromatic h y d r o c a r b o n s  and s e v e r e  c r a c k i n g  of l i g h t  a r o m a t i c  

Based  on  t h e  a n a l y s e s  o f  t h e  s l u d g e ,  a mechan i sm o f  i t s  
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hydrocarbons  enhance  t h e  p h a s e  s e p a r a t i o n  t o  l e a d  t o  t h e  s l u d g e  
f o r m a t i o n .  

t h e  f r a c t i o n s  due to t h e i r  mismatched c o m p a t i b i l i t y  a p p e a r s  t o  be  
common t o  bot tom and  s h o t  c o k e s  f o r m a t i o n  i n  t h e  c o k i n g [ 6 , 7 ] ,  and 
least  c r a c k i n g  r e a c t i v i t y  o f  p a r a f f i n I 8 - 1 0 1  and  s l u d g e  f o r m a t i o n  d u e  
t o  t h e  s l i g h t  o x i d a t i o n  i n  t h e  c o a l  l i q u i d .  

-_ E f f e c t s  of  t w o - s t a q e  h y d r o c r a c k i n q  
The t w o - s t a g e  h y d r o c r a c k i n g  which  c o n s i s t s  of s u f f i c i e n t  

hydrogenat ion  a t  a lower t e m p e r a t u r e  and e x t e n s i v e  c r a c k i n g  o f  
t h e  hydrogenated p r o d u c t  a t  a h i g h e r  t e m p e r a t u r e  was found to 
a l l o w  a high y i e l d  o f  d i s t i l l a t e  o v e r  60 % w i t h  a minimum amount  
of s l u d g e  d r o p l e t s  i n  t h e  p r o d u c t  a t  room t e m p e r a t u r e .  A s  
d i s c u s s e d  i n  t h e  mechanism s e c t i o n ,  t h e  s l u d g e  was unhydrogenated 
a r o m a t i c s  due t o  h i g h  r e a c t i o n  t e m p e r a t u r e ,  which a r e  n o t  
miscible w i t h  t h e  p a r a f f i n - d o m i n a n t  m a t r i x .  The f i r s t  s t a g e  o f  
l o w  t e m p e r a t u r e  s u f f i c i e n t l y  h y d r o g e n a t e s  t h e  a r o m a t i c  p a r t s  o f  
t h e  a s p h a l t e n e  t o  be e a s i l y  c r a c k e d  a n d / o r  t o  s t a y  m i s c i b l e  w i t h  
t h e  m a t r i x ,  i n c r e a s i n g  t h e  y i e l d  o f  d i s t i l l a t e  w i t h o u t  p r o d u c i n g  
s l u d g e  i n  t h e  second s t a g e .  Aromat ic  s o l v e n t  o f  modera te  s i z e  
s u c h  as  1 - m e t h y l n a p h t h a l e n e  i s  v e r y  e f f e c t i v e  i n  t h e  second s t a g e  
o f  t h e  s h o r t  r e a c t i o n  t i m e  t o  s u p p r e s s  t h e  s l u d g e  by d i s s o l v i n g  
t h e  a s p h a l t e n e .  

The s e l e c t i o n  of c o n d i t i o n s  f o r  t h e  second s t a g e  i s  v e r y  
i m p o r t a n t  because  e x t e n s i v e  c r a c k i n g  s h o u l d  t a k e  p l a c e  b e f o r e  t h e  
dehydrogenat ion .  Longer  r e a c t i o n  t i m e  a t  h i g h e r  t e m p e r a t u r e  t e n d s  
t o  produce more s l u d g e  because  uncracked r e m a i n i n g  a s p h a l t e n e  i n  
t h e  p r o d u c t  becomes s l u d g e .  The r a p i d  h e a t i n g  t o  t h e  t e m p e r a t u r e  
o f  t h e  second s t a g e  may be f a v o r a b l e .  

The s e l e c t i o n  of t h e  c a t a l y s t  i s  a l so  i m p o r t a n t .  The 
c a t a l y s t  should  h a v e  s t r o n g  h y d r o g e n a t i o n  a c t i v i t y  a g a i n s t  t h e  
a s p h a l t e n e  of  l a r g e  molecules .  The l a r g e  p o r e s  of  t h e  s u p p o r t  can  
g e t  a c c e s s  to such  m o l e c u l e s .  The c a t a l y s t  of  t h e  second s t a g e  
s h o u l d  have h i g h  c r a c k i n g  a c t i v i t y  a g a i n s t  t h e  hydrogenated  
a s p h a l t e n e  w i t h o u t  d e h y d r o g e n a t i o n .  

Such a set o f  t h e  c a t a l y s t s  s h o u l d  b e  d e s i g n e d  s e p a r a t e l y  t o  
e x h i b i t  t h e  optimum p e r f o r m a n c e s  of  t h e  r e s p e c t i v e  o b j e c t i v e s  a t  
t h e  r e s p e c t i v e  s t a g e s .  

F i n a l l y ,  
The p o s t - h y d r o g e n a t i o n  may be e f f e c t i v e  a t  a lower t e m p e r a t u r e ,  
where  s u f f i c i e n t  h y d r o g e n a t i o n  of t h e  whole  p r o d u c t  c a n  proceed .  
S l u d g e  c a n  b e  c o m p l e t e l y  r emoved  by t h e  s t e p  a s  d e s c r i b e d  i n  a 
p r e v i o u s  paperL51. S h o r t  r e a c t i o n  t i m e  of  t h e  second s t a g e  c a n  
m a i n t a i n  t h e  h y d r o g e n a t i o n  l e v e l  h i g h  which i s  a c h i e v e d  i n  t h e  
f i r s t  s t a g e ,  p r o v i n g  t h e  s t a b i l i t y  of  t h e  p r o d u c t .  

Such a mechanism o r i g i n a t i n g  from t h e  phase  s e p a r a t i o n  of  

t h e  s t a b i l i t y  of hydrocracked  p r o d u c t  i s  concerned .  
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Table 1 

Solubility’ ) of Arabian-light 
vacuum residue (ALVR) 

Wt% 

HS HI-BS BI 

ALVR 91 9 0 

1) HS: hexane soluble 
HI-BS: hexane insoluble-benzene 

BI: benzene insoluble 
insoluble 

Table 2 

Some properties of the catalysts’ ) 

Catalyst Support Metal(wt%l Surface Pore Mean pore 
name NiO Moo3 arsa volume diameter 

KF-842 alumina 3.1 15 273 0.52 < 100 

KFR-10 silica- 1 .O 5.0 147 0.71 168 

( m  /g) (ml/g) ( A )  

alumina 

1) Supplier: Nippon Ketjen Co. 

613 



Table 3 

Catalytic performances in the single-stage 
hydrocracking of ALVR 

Catalyst Conditions Recovery D.Y.' ) A . S . 2 )  
("C- h) (wt%J ( % )  

~ ~ - 8 4 2  3 9 0 - 4  9 5  3 9  tr. 

4 2 0 - 4  75  12 much 

KFR-10 3 9 0 - 4  9 8  41 tr. 

4 2 0 - 4  9 1  7 4  much 

1) D.Y.: 5 4 0  "C- distillate yield 
2 )  A.S.: Amount of sludge, tr.: trace 

Table 4 

Catalytic performances in the two-stage 
hydrocracking of ALVR 

Catalyst Conditions Recovery D.Y.' ) A . S . 2 )  
("C- h) (wt%) ( % )  

~ ~ - 8 4 2  3 9 0 - 3  
4 2 0 - 1  9 4  6 3  much 

- . - . . . 

KFR-10 3 9 0 - 3  
4 2 0 - 1  9 4  6 6  v.tr. 

3 9 0 - 3  
4 2 0 - 3  9 4  70 tr. 

3 9 0 - 3  
4 4 0 - 1  9 3  81 some 

3 9 0 - 3  
4 4 0 - 1  9 5  8 1  v.tr. 

1) and 2 ) :  See Table 3., v.tr.: very trace 
3 )  10 wt% of 1-methylnaphthalene was added prior 

to the second stage. 
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F i g u r e  2 Mic ropho tographs  of  t h e  p r o d u c t  o i l  i n  t h e  two-s tage  
r e a c t i o n  
( a )  390  OC-3 h and  4 2 0  OC-I h ( K F - 8 4 2  c a t a l y s t )  
( b )  390 "C-3 h and  4 2 0  'C-I h (KFR-10 c a t a l y s t )  

( c ) , ( d ) :  390 " C - 3  h and 4 4 0  OC-1 h (KFR-10 c a t a l y s t )  
( c )  no s o l v e n t  added 
( d )  1 0  w t %  o f  1 -me thy lnaph tha lene  added i n  t h e  second- 

s t a g e  r e a c t i o n  

! 

F i g u r e  3 Mic ropho tographs  o f  t h e  p r o d u c t  o f  4 2 0  OC- 4 h ( K F - 8 4 2 )  
a f t e r  1 5 0  d a y s  
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